Objective To report methods and results from a national sample mortality surveillance programme implemented in Viet Nam in 2009.
research. However, in such countries vital registration systems, which are the optimal source of these data, are seldom fully functional. 1 This is the case in Viet Nam, a densely populated developing country of 88 million people located in south-eastern Asia whose population structure is rapidly changing because of declining fertility and mortality and a transition in causes of death. 2 The country's population distribution is also changing as a result of socioeconomic development and rapid urbanization. Thus, accurate measures of mortality by age, sex and cause of death from death registration systems are urgently needed to assess the ongoing demographic and epidemiological transition, plan the provision of health care and design effective prevention strategies.
In light of the absence of vital registration data for Viet Nam, we undertook a detailed review of the national Vietnamese vital registration system in 2006 using a mixed-methods approach. 3 The review found highly incomplete death registration and a failure to conform to international standards for reporting the cause of death. We recommended implementing a capacity-building initiative to improve the vital registration system, especially the death registration process. In response, activities have been conducted over the past four years to establish a national sample mortality surveillance system in Viet Nam consisting of passive surveillance to identify deaths from routine local data sources at the commune level, followed by a household verbal autopsy interview to ascertain the cause of each identified death. This paper reports the overall and cause-specific mortality measures generated during the first wave of these activities and discusses ways to move forward and improve the availability of local mortality data throughout the country.
Methods
The Viet Nam General Statistics Office selected the communes to be included in the sample according to a stratified multi-stage cluster design. In the first stage of sampling, the 63 provinces were stratified across the eight socioeconomic regions of Viet Nam. Next, 16
provinces were selected proportionate to the size of their populations, and 12 communes were then selected from each of the 16 provinces proportionate to the number of households in each commune. In total, the sample consisted of 192 communes, 668 142 households and 2 616 056 people (approximately 3% of the national population).
Data collection
A network of five medical universities coordinated the field operations, and data were compiled for calendar years 2008 and 2009. Extensive capacity building was undertaken to train staff at the provincial, district and commune levels in data collection, management and quality control. In this manuscript, we report on deaths that had occurred in 2009. As ascertained from previous research, Viet Nam has two parallel official reporting systems for vital events at the commune level: the Justice Department and the Commune Health Centre (CHC). 5 In addition, the Commune Population and Family Planning Committee (CPFPC) also maintains registers of vital events at the local level, although in most instances the records are regularly matched with and updated from CHC records.
Initially, trained commune health staff compiled a list of deaths for the reference period from each of the main sources of death data at the commune level. These sources were later collated into a single list of unique records for the reference period. The variables used to determine matched or unique records were name(s), sex, age and month of death. A range of 5 years was allowed for matching age at death and a range of 1 month for matching date of death. The correct age at death as verified at the verbal autopsy interview was used for all further analysis. At the first stage of collation, death records from the CHC and CPFPC were merged into a single list because these sources are not independent (i.e. reporting in one source influences reporting in the other). Records from the Justice Department were treated as an independent source and were matched with the CHC/CPFPC records. In the second stage of collation, the records from the Justice Department and the CHC/CPFPC data source were merged to create a single list of unique reconciled death records. This reconciled list showed the deceased individuals' age, sex and address, as well as the source(s) of each record.
In certain rural communes, farmers', women's or senior citizens' unions constitute additional sources of death records. Hence, in the third stage of collation we drew from these additional sources any deaths not identified during the second stage, and this yielded a list of all deaths for the reference calendar year.
For each death on the final list, a household interview was conducted and the Vietnamese version of the verbal autopsy questionnaire was used to explore in detail the symptoms and clinical events that preceded the death, as witnessed by the respondent. 6 The detailed verbal autopsy protocols are described in an earlier manuscript. 7 Briefly, household interviews were conducted by trained paramedical staff from local commune health stations.
Completed questionnaires were subsequently reviewed by trained physicians who assigned the cause(s) of death using the standard International Medical Certificate of Cause of Death, as recommended by the World Health Organization (WHO). 8, 9 Physician reviewers were guided by a manual describing key aspects of cause-of-death assignment from verbal autopsy. 10 Subsequently, a team of physicians trained in applying the coding rules in the
International statistical classification of diseases and health-related problems, 10th revision
(ICD-10) selected an underlying cause for each death following prescribed international guidelines. 8 Causes were aggregated to the ICD-10's Mortality tabulation list 1 for descriptive analysis.
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Data analysis
We assessed the completeness of death reporting by applying the two-source capturerecapture method proposed by Chandrasekar and Deming in 1949 12 to the two sources analysed at the second stage of collation (i.e. to the list derived by reconciling the Justice Department list and the combined CHC/CPFPC list). The probability of reporting a death to the Justice Department is independent of the probability of the death being recorded in the CHC/CPFPC list, and this administrative independence of the systems is a necessary condition for applying the capture-recapture method to estimate data completeness. Capturerecapture analysis was undertaken with the full set of data, and subgroup analyses were performed with the same data broken down by sex and into four age groups: 0-14, 15-59, 60-74 and 75+ years. Based on these analyses, we estimated the deaths missed by both sources in each age and sex group and summed them to the rest of the deaths to obtain the overall estimated number of deaths in the sample population. Data completeness was estimated as the proportion of all estimated deaths derived from the reconciled list.
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The 95% confidence intervals (CIs) of completeness estimates were derived using the bootstrapping method in the SAS analytical software version 9.3 (SAS Institute, Cary, United
States of America). The reciprocals of these measures of completeness were used to adjust the numbers of deaths from the reconciled list, and these numbers were then used to compute age-specific death rates and develop life tables for the sample population. Age-and sexspecific population counts for the sample communes were obtained from the 2009 census.
During our analyses, we noted that the deaths in the reconciled list for the 0-4 year age group were so few that they would yield implausibly low mortality rates. On closer review of the data we found that all sources were equally deficient in recording early childhood deaths (data not shown). Hence, in generating Vietnamese life tables we used WHO's 2009 national under-five mortality estimates for Viet Nam (24.6 and 22.6 deaths per 1000 for males and females, respectively). 13 We calculated the CIs for life expectancy at birth using the Chiang Silcocks method, 14 and we constructed logarithmic plots to assess the plausibility of the age-specific death rates. 15 Summary mortality measures derived from the routine continuous data collection process described above were compared with those from adjusted life tables developed with population data from the 2009 Vietnamese census, which employed 12-month annual recall of household deaths to estimate mortality. Census data were adjusted for data completeness using the Preston-Coale method, 16 an indirect demographic technique previously used to estimate census-based mortality for Viet Nam. 17 Our mortality results were also compared with modelled mortality estimates published by WHO for 2009 13 and by the United Nations Population Division (UNPD) for [2005] [2006] [2007] [2008] [2009] [2010] . 18 Finally, we used descriptive analysis of leading causes of death to develop tables of the leading causes of death, by sex, for three broad age groups: 0-14, 15-59 and 60+ years. Causes of deaths identified from additional sources were included in these tables.
Results
Fig . 1 shows the geographical distribution of the communes representing the sample population. Fig. 2 shows the age and sex structure of the national population and the study population. The study population had a higher proportion of people, especially females, in the 20-34 year age category than the national population. The population aged 15 years or less was slightly under-represented in the sample. More detailed analysis showed that the sample Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.100750
Page 6 of 19 population was slightly more urban than the national population (39% versus 30%, urban communes, respectively). This may explain the differences in age structure. The completeness estimates obtained with the Preston-Coale indirect demographics method were 65.6% for males and 57.8% for females (Table 2) , both higher than estimates from the 1989 Vietnamese census (55% for males and 47% for females) 17 but markedly lower than our direct estimates of completeness based on capture-recapture analysis.
Logarithmic plots of age-and sex-specific mortality rates for both unadjusted and adjusted local data demonstrated a smooth exponential increase in groups older than 15 years, which suggests that stated age was accurate and that sample size was adequate (Fig. 3) . First, WHO/UNDP model life tables are based on historical data sets whose corresponding female adult mortality rates may have been higher than current rates as estimated from the local data presented here. On the other hand, our sample population, which was more urban than the national population, may have had lower female adult mortality. These differences between adjusted local data and model life tables data merit future reappraisal using improved data from nationally representative samples. chronic obstructive pulmonary disease and liver diseases) were among the leading causes. In women, diseases of the circulatory system accounted for four of the five leading causes of death. In women, diseases of the circulatory system account for four of the five leading causes of death. Of these, stroke and ischaemic heart disease are specific conditions, but the categories ranking third and fifth (i.e. hypertensive disease and "other heart disease", which includes cardiac arrest and heart failure) are relatively non-specific. In addition, one quarter of all female deaths were assigned to ill-defined causes. However, in terms of age distribution, only 5.5% of deaths among females aged 15 to 59 years were assigned to illdefined causes, in contrast to 31% of the deaths among women aged 60 years or older (data not shown). This illustrates the poor quality of cause-of-death attribution among elderly females.
Discussion
The mortality patterns reported here for Viet Nam are based on empirical observations. The life tables were derived from observed age-specific mortality rates adjusted for completeness, unlike previous model life tables, which were derived from summary input parameters.
Furthermore, verbal autopsies yielded individual causes of death that were summed to derive mortality ranks by cause at the population level. In a broader context, these local data conform to the standard international indicators used to measure and compare mortality patterns. In addition, local data are necessary to understand prevailing epidemiological conditions and are politically relevant for public health policy as well as clinical intervention programmes. This is particularly relevant because previous cause-specific mortality estimates for Viet Nam were based on models derived from a combination of Chinese, Indian and Thai data. 23 This sample-based passive mortality surveillance system using routine local data sources in a national set of population clusters provides a basis for the continued availability of international standard mortality measures for Viet Nam.
The adjusted life expectancies at birth and risks of death in adults, together with mortality rates in children less than 5 years of age (from the Demographic and Health Survey), suggest that Viet Nam has lower mortality rates than other developing countries in south-eastern Asia. 13 Also, non-communicable diseases account for a large proportion of the deaths, as reported in Table 3 . However, communicable diseases continue to cause considerable mortality in Viet Nam, but largely among adults; populations in earlier stages of epidemiological transition have high mortality from childhood infectious diseases.
Furthermore, although liver cancer is a leading cause of death in both males and females, Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.100750 chronic hepatitis B among adults probably accounts for a large proportion of liver cancers in Viet Nam. 24 Although these mortality indicators suggest that Viet Nam is experiencing an epidemiological transition, the country's current mixed burden of communicable and noncommunicable diseases, as well as injuries, illustrates that the country's health sector priorities cover a broad range.
The absence of maternal conditions among the leading causes of death among women 15 to 59 years of age (data not shown) probably stems from Viet Nam's very low fertility rate, measured at 2.03 from the 2009 census. 25 However, we may have failed to adequately capture rural maternal deaths in our data set because of the relatively large proportion of urban communes in our sample. As mentioned, stroke was the leading cause of death in both males and females, and mortality from cardiovascular disease was high in women. Research has indicated that deaths attributed to non-specific cardiovascular categories, such as hypertensive disease, heart failure and cardiac arrest, could in reality be misclassified deaths from ischaemic heart disease. 26, 27 However, from a more general perspective, attribution to such non-specific categories limits the public health utility of cause-of-death data. 28 More efforts to assess the validity and reliability of cause-of-death attribution in Viet Nam are needed. A national non-communicable-disease surveillance framework has been developed in Viet Nam, 29 and a routine mortality data programme with suitable data quality control mechanisms, such as the one reported here, is needed in the country to provide important information on chronic disease outcomes.
The data presented here have several limitations, as does the operation of the surveillance system. First, reporting practices for all three sources vary widely in different parts of the country. For example, in Thai Nguyen province, the CHC and the Justice Department sources capture 85% and 15% of the deaths, respectively, in the reconciled list, whereas in Ho Chi Minh, the CHC captures only 17% of the deaths and the Justice Department captures 76%. Hence, reconciling the data across sources was necessary to estimate total mortality in the population. Given the need to closely monitor and follow up the deaths recorded in different sources, our mortality statistical compilation process from routine data sources may be described as passive surveillance, as distinct from the active and more costly door-to-door surveillance operations in demographic data collection programmes.
We have shown that the reconciled list captured 80% of deaths in the sample population, more than any individual source. Higher completeness could thus be achieved Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.100750 through stronger local collaboration between different recording systems at the point of registration. However, such collaboration would make routine application of capturerecapture methods to assess completeness impossible, since the different data sources would no longer be independent of each other. Although indirect demographic techniques (such as the Preston-Coale method) could also be used to estimate completeness, such techniques have limitations 30 that make direct measurement of completeness using the capture-recapture method, as reported here, the recommended approach. In such a situation, periodic sample household surveys could provide an additional set of independent data with which to assess completeness using the capture-recapture method, as previously used elsewhere in Asia. [31] [32] [33] Data recorded in local maternal and child health registers in Viet Nam and in routine reproductive health statistical returns are potentially useful supplementary data sources for improving data completeness. 34, 35 However, health facilities, especially in urban areas, need to make birth and death records available to improve measures of infant mortality.
The sample population resembles the national population in terms of age structure, but the group composed of females aged 20-34 years was an exception, perhaps because we selected the sample from a pre-census mapping list of households in communes, rather than actual population data. The fact that, as a result, the sample population had a higher fraction of urban communes than the country as a whole could have led to an underestimation of national mortality rates, since urban communities in Viet Nam probably enjoy better health care and health status than rural ones. The sample size, on the other hand, appears adequate for measuring mortality at the national level but would need to be increased to achieve representativeness at the regional level. Any future enlargement of the surveillance sample should take into account the country's urban-rural ratio and the age and sex composition of the population.
Concerning cause-of-death ascertainment, household enquiries have resulted in more detailed diagnoses than those afforded by the rudimentary four-category classification used for statistical compilation in Viet Nam's routine death registration system: disease or old age; accident, suicide and "other". Page 10 of 19 autopsy interviews and limit the information physician reviewers have to draw on to formulate specific diagnoses. To counter this, the household enquiry process should be conducted closer to the date on which the death is notified, while allowing enough time for bereavement, 36 and training on choosing respondents should be intensified.
The inherent weaknesses of verbal autopsy led us to realize that it is essential to establish medical certification of causes for deaths occurring in health facilities in Viet Nam.
We therefore used balance funds from the main project to develop medical death certification protocols for institutional deaths, and we conducted a pilot study in five hospitals in 2010
(unpublished report). This experience demonstrated the feasibility of implementing medical death certification in hospitals in Viet Nam, and efforts to broaden coverage beyond those facilities are under way. Verification of the occurrence of death and its cause through local disease-specific programme data would enhance the completeness and quality of sample mortality surveillance data. Maintenance of medical records in commune and district-level health facilities would also improve access to more reliable medical inputs for ascertaining the cause of death.
Conclusion
The epidemiological findings from this research suggest a mixed mortality burden from both communicable and non-communicable diseases and from road traffic accidents in Viet Nam, and they illustrate the complex epidemiological transition currently taking place in the country. Such data provide baseline evidence for designing public health interventions and programmes. Sustained follow-up activities are required to maintain this data collection platform, as well as to conduct additional research to assess and improve data quality for monitoring mortality indicators. Given the size and distribution of the population in Viet Nam, the surveillance system must enlarge its sample. Sample mortality surveillance in a developing country like Viet Nam is beneficial provided appropriate attention is paid to design and operations. 
